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EXPERIMENTAL 


A  compact  (table-top),  focused  Alexandrite  (750  nm) 
pulsed-laser  system  generated  soft  x-ray  emission  from 
planar-metal  targets.  Quantitative  x-ray  spectroscopy  (active 
and  passive  detection)  and  pinhole  imagery  were  used  to 
characterize  the  10  -  14  A  region  that  is  important  for  resist 
exposure  in  proximity  x-ray  lithography.  X-ray  data  was 
collected  from  transition  metal  targets.  The  spectra, 
acquired  on  film,  were  densitometered  and  computer 
processed  to  obtain  line  intensities  from  the  L-shell 
transitions  in  highly-ionized  copper  and  iron  plasma. 
Spectral  data  was  also  acquired  from  K-shell  transitions  in 
aluminum  in  order  to  compare  the  effects  of  less  than  8  A 
spectral  wavelengths  (>1.5  keV  energy)  as  the  more 
energetic  x-rays  have  greater  penetration  in  the  lithographic 
process. 

The  10  Hz  Alexandrite  laser  system  at  Allied  Signal 
employs  a  Ti:  sapphire  oscillator,  a  pulse-stretcher  (grating- 
pair),  and  a  three-stage  Alexandrite  regenerative  amplifier 
stage.  The  laser  can  generate  chirped  pulses  (0.75  ns)  up  to 
1  joule.  These  pulses  can  be  recompressed  to  shorter  pulse 
widths  with  an  additional  grating  pair.  Spectral  data  was 
acquired  with  both  single  laser  pulses  and  a  train  of  widely- 
spaced  (8-ns)  laser  pulses. 
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1  Joule,  1  ns,  10  Hz  alexandrite  laser 

5  to  3  amplifiers 


ALEXANDRITE  FOCUSSED  LASER 


4 


5 


8 


Allied  Signal,  Shot  8,  22-Dec- 1992 
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Table  I.  X-Ray  Spectral  Intensities  Generated  by  Alexandrite  Laser 
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Soft  X-Ray  Output 


C  o 
O  .2 

« 

.52  Q. 
E  E 

LU  O 

O 


CO  2- 

=  5 

Q-  co 


> 

>.t:  ~ 

CO  CO  CO 
DC 

I  CD  ^ 

X  £  3 


2  w 
JO  +-> 

E  2 

3  «0 


0 

>  a 
05  Q_ 

2(3 

UJ  r- 


®  §■ 
CD  O 

Q  en 


17 


b)  train  of  pulses  with  1  J  leading  edge 

c)  train  of  equal-intensity  pulses  separated  by  8  ns 
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Transmission  of  Thin  Membranes 
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Photon  Energy  (eV) 


Soft  X-Ray  Spectral  Transmission 
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Photon  Energy  (eV) 


Ray  Transmission  for  Multilayer  Resists 


Photon  Energy  ( eV ) 
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Table  III.  Soft  X-Ray  Absorption. 
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SUMMARY 

The  diagnostic  instrumentation  included  filtered-PIN 
diodes,  a  diffraction-crystal  spectrograph,  and  a  film¬ 
recording  x-ray  pinhole  camera.  The  x-ray  spectrograph 
utilized  a  curved-KAP  crystal. 

An  x-ray  spectrum  was  recorded  from  a  copper  target. 
The  most  distinct  and  intense  lines  originate  from  transitions 
to  the  L-shell  in  neon-like  copper.  Spectral  lines  occur  in  the 
8  -  14  A  region;  however,  the  strongest  lines  are  2-3  level 
transitions  in  the  10  -  14  A  range  from  fluorine-like  Cu  XXI 
and  Neon-like  Cu  XX.  For  the  iron  data,  the  same  spectral 
transitions  as  in  copper  are  generated  but  are  shifted  3  -  4  A 
to  longer  wavelength. 

The  x-ray  output  energy  was  determined  assuming 
uniform  emission  over  2  tt  for  the  plasma  generated  at  the 
surface  of  the  planar  targets.  The  soft  x-ray  conversion 
efficiency  of  the  focused-laser  beam  was  found  to  range  from 
1.9%  at  lA  J  to  3.2%  at  Vi  J  integrated  over  the  10  -  14  A 
spectral  region  with  an  average  efficiency  of  2.5%  for  both 
copper  and  iron  plasma.  The  total  x-ray  emission  read  in 
the  7  -  18  A  region  is  stronger  for  the  iron  targets  by  a 
factor  of  3  because  of  the  intense  emission  between  14  and  18 
A  in  neon-like  Fe  XVII.  A  soft  x-ray  conversion  efficiency 
of  greater  than  10%  was  recorded  for  a  V2  J  iron  target  shot. 
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